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A B S T R A C T
We present a case of ST-segment elevation myocardial infarction in the territory of an anomalous left
circumﬂex coronary artery running through the retroaortic region. In vivo coronary imaging with
intravascular ultrasound visualized the usual atherosclerotic change and subsequent plaque rupture and
thrombus formation at the culprit lesion. The clariﬁcation of pathologic mechanisms underlying the
myocardial infarction case could provide information about pathophysiology of atherosclerotic
development in anomalous left circumﬂex coronary artery, and could help in decision-making
regarding the management strategy.
<Learning objective: Intravascular ultrasound (IVUS) imaging indicated that ordinary atherosclerosis
could develop at retroaortic anomalous course of left circumﬂex coronary artery (LCX) despite absence
of mechanical cause of ischemia. IVUS screening could provide signiﬁcant information about
pathophysiology of atherosclerotic development in anomalous LCX, and could help in decision-making
regarding the management strategy. The images and discussion have high educational value for clinical
cardiologists alike.>
 2015 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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The anomalies of left circumﬂex coronary artery (LCX) are
found in less than 1.0% of patients who undergo angiography
[1]. Also, acute myocardial infarction (MI) due to atherosclerotic
change rarely occurs at anomalous sites of coronary arteries. The
exact pathophysiologic mechanisms that cause MI have not been
well studied in vivo. Whereas intravascular ultrasound (IVUS)
provides high-resolution tomographic cross-sectional images of
the coronary arteries, there are few reports of IVUS ﬁndings of
ischemia-inducing coronary lesions in patients with anomalous
origins of coronary arteries [2]. Here, we describe a case of
anomalous LCX arising from the right coronary sinus investigated
thoroughly by pre- and post-percutaneous coronary intervention* Corresponding author at: 1-1-1 Honjo, Chuo-ku, Kumamoto 860-8556, Japan.
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in a patient presenting with ST-segment elevation MI (STEMI).
Case report
A 65-year-old man with history of hypertension, dyslipidemia,
and smoking was urgently transferred to our institution because
of his chest pain typically suggestive of acute coronary syndrome.
The information on the laboratory data is summarized in
Table 1. No medication was administered on admission against
coronary risk factors. On arrival, he still had severe chest pain, and
an emergency work-up demonstrated: (1) ST-segment elevation in
the infero-posterior leads on the electrocardiogram, (2) elevated
high-sensitive cardiac troponin T (0.0602 ng/mL), and (3) mild
hypokinesis of posterior and inferior wall of the left ventricle on
the echocardiogram. Emergency coronary angiography (CAG)
revealed no left circumﬂex artery arising from the left coronary
sinus (Fig. 1). When the right coronary arteriography was promptly
performed, it was demonstrated that LCX arose from the rights reserved.
Table 1 Laboratory data on admission.
(Hemogram)
WBC 16.9  103/mL, RBC 5.07  106/mL, Hgb 16.0 g/dL, Hct 46.0%,
Plt 226  103/mL
(Biochemical examination)
BUN 10.2 mg/dL, Crea 0.66 mg/dL, eGFR >90 ml/min/1.73 m2, TP 8.0 g/dL,
Alb 5.0 g/dL, Na 138 mEq/L, K 4.2 mEq/L, Cl 103 mEq/L, Ca 9.6 mg/dL,
AST 29 IU/L, ALT 23 IU/L, LDH 328 IU/L, Amy 52 IU/L, T-Bil 0.9 mg/dL,
g-GTP 48 IU/L, CK 223 IU/L, CK-MB 17 IU/L, CRP 0.06 mg/dL, LDL-C
104 mg/dL, HDL-C 54 mg/dL, TG 102 mg/dL, BS 107 mg/dL, HbA1c
(NGSP) 5.9%, BNP 7.9 pg/mL, hs-TnT 0.0602 ng/mL
Abbreviations: WBC, white blood cell; RBC, red blood cell; Hgb, hemoglobin; Hct,
hematocrit; Plt, platelet; BUN, blood urea nitrogen; Crea, creatinine; eGFR,
estimated glomerular ﬁltration rate; TP, total protein; Alb, albumin; Na, sodium;
K, potassium; Cl, chlorine; Ca, calcium; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; LDH, lactase dehydrogenase; Amy, amylase; T-Bil, total
bilirubin; g-GTP, g-guanosine triphosphate; CK, creatine kinase; CK-MB, creatine
kinase muscle-brain fraction; CRP, C-reactive protein; LDL-C, low-density lipopro-
tein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; BS,
blood sugar; HbA1c (NGSP), hemoglobin A1c (National Glycohemoglobin Stan-
dardization Program); BNP, brain natriuretic peptide; hs-TnT, high-sensitive
troponin T.
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LCX angiography revealed an obstruction at the anomalous course
of proximal LCX with haziness and Thrombolysis In Myocardial
Infarction grade 1 ﬂow (allegedly thrombus, Fig. 2). Given these
ﬁndings, STEMI was diagnosed, and a proximal LCX lesion was
recognized as the culprit lesion. The back-up force of the 6Fr
Heartrail AL1.0 guide catheter (Terumo Corp., Tokyo, Japan) was
too weak to allow the guidewire to cross the culprit lesion. A 7Fr
Launcher AL 0.75 guide catheter (Medtronic Inc., Minneapolis, MN,
USA) was then selected, and we employed a ‘‘buddy guidewire’’
technique with Hi-Torque Balance Middleweight Elite guide wire
(Abbott Vascular, Santa Clara, CA, USA) and Runthrough NS
guidewire (Terumo Corp.). The 7Fr guide catheter and ‘‘buddy-
wire’’ technique enabled us to perform pre-PCI IVUS, and the IVUS
images demonstrated a rupture of atherosclerotic coronary plaque
with thrombus formation at the culprit lesion (Fig. 2). Because of
the expectation of difﬁculty to deliver an aspiration catheter to the
culprit lesion, we did not attempt performing thrombus aspiration.
A bare metal stent (Integrity 3.5 mm  22 mm, Medtronic) was
directly implanted, and post-dilatation was performed with aFig. 1.
Emergency diagnostic coronary angiography. Left coronary arteriogram show
circumﬂex coronary artery (LCX) in the region of the great cardiac vein (left pa
from the right coronary sinus ran through retroaortic space (white arrowhenon-compliant balloon (Hiryu 3.75 mm  10 mm, Terumo Corp.)
to obtain Thrombolysis In Myocardial Infarction grade 3 ﬂow. An
inverted T wave was observed on the follow-up electrocardiogram,
and the creatine kinase (CK) peak was 1137 IU/L and the CK-MB
isoenzyme peak was 123 IU/L 13 h after onset. Post-intervention
CTA showed that the culprit lesion was located at the retroaortic
course of LCX with anomalous origin (Fig. 3).
Discussion
Pathophysiological mechanisms underlying myocardial ischemia in
patients with anomalous origin of coronary arteries
Previous pathologic and IVUS reports suggested that potential
mechanisms underlying myocardial ischemia in patients with
anomalous origin of coronary arteries included: (1) acute angle
take-off and kinking of the coronary arteries, (2) valve-like closure
of the abnormal slit-like coronary oriﬁce, and (3) compression of
the anomalous coronary arteries between the aorta and the
pulmonary trunk during exercise (intraarterial course) [2–4]. On
the contrary, regarding atherosclerotic development at the
anomalous course of coronary arteries, our prior IVUS study
showed that the anomalous segments, especially intraarterial
segments, were free of atherosclerotic disease [2]. In other words,
a coronary arterial segment with passive compression [e.g. intra-
arterial segment (between the aorta and pulmonary trunk) of
an anomalous coronary artery] is consistently considered to
be free of atherosclerosis. However, Grasso et al. described one
case report of lateral wall infarction in the territory of an
anomalous LCX suggesting thrombus formation after ﬁssure of a
minor plaque at the site of mechanical stress in the long
retroaortic course of the LCX [5]. Similar to that case report,
our current case suggested the possibility of atherosclerotic
development at an anomalous segment of LCX. Also, in a case
series of anomalous LCX PCI, Morgan et al. mentioned that the
incidence of acute presentations was higher in the anomalous LCX
group, compared with the non-anomalous LCX group, suggesting
that plaque rupture was more common in anomalous LCX due
to their tortuous course and the shear stress alteration within
the vessel. Furthermore, Blanchard et al. and Karur et al.
demonstrated that the retroaortic type of LCX is selectively
predisposed to atherosclerotic disease [6,7]. The explanationed no total occlusion in the left anterior coronary artery, and the absence of left
nel). The right coronary arteriogram demonstrated, albeit faintly, that LCX arising
ad, right panel).
Fig. 2.
Angiographic and intravascular ultrasound images summarizing the culprit lesion morphology and interventional procedure. Selective left circumﬂex coronary
artery (LCX) angiography (upper left panel) revealed an obstruction at an anomalous course of proximal LCX with haziness (allegedly thrombus). Pre-
percutaneous coronary intervention (PCI) intravascular ultrasound (IVUS) revealed plaque rupture at the culprit lesion (lower left panel). Note plaque ulceration
with a ﬁssure at 8–11 o’clock and a communication between the cavity of the rupture and the lumen. Also, IVUS demonstrated coronary intramural mobile mass
around the culprit lesion (lower middle panel). Note the protruding structure with irregular surface and heterogeneous echogenicity at 11–3 o’clock. Post-
intervention angiography showed favorable dilatation of the culprit lesion with Thrombolysis In Myocardial Infarction grade 3 ﬂow (upper right panel). Post-
intervention IVUS visualized optimal stent expansion (minimum stent area: 8.4 mm2) with slight tissue (thrombus) protrusion at 5–6 o’clock (lower right panel).
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rotic change at anomalous segments) could probably be found
by further observation and comparison of the strength or
weakness of extrinsic compression and shear stress in both
intra-arterial courses and retroaortic courses of anomalous
coronary arteries.
Technical difﬁculties of PCI in case of anomalous LCX
Several reports described difﬁculties and encouraging strate-
gies of primary and elective PCI to anomalous LCX [8]. In this case
series, it was indicated that the most important issue was to
obtain adequate cannulation and back-up force of the guide
catheter. The reasons for these difﬁculties were associated with:
(1) identiﬁcation of the origin of the anomalous vessel, (2)Fig. 3.
Post-percutaneous coronary intervention computed tomography coronary ang
located at the retroaortic course of the left circumﬂex coronary artery (LCX
common trunk arising from the right coronary sinus (white arrowhead, right
coronary artery.unusual acute take-off angle, and (3) excessive catheter torque
for cannulation of the catheter. The potential techniques, that
have been described to optimize guide catheter support and
facilitate PCI, included: (1) the use of extra support guidewires,
(2) the ‘‘buddy guidewire’’ technique, (3) the use of larger
diameter guide catheters, (4) anchoring wires or balloons, distal
or proximal to the lesion, and (5) catheter extension devices such
as the ‘mother and child’ catheter technique. In the current case,
the ‘‘buddy wire’’ technique with a larger diameter guide
catheter was useful to deliver the balloons and stent to the
culprit lesion.
In summary, considering the mechanisms underlying myocar-
dial ischemia in patients with anomalous origin of coronary
arteries, there might be two pathophysiologic possibilities: (1)
mechanical factors such as acute angle take-off, valve-like closureiography showed that the culprit lesion (stented site, dashed line, right panel) was
) with anomalous origin. The right coronary artery and LCX originated from the
 panel). Ao, aorta; LA, left atrium; LCX, left circumﬂex coronary artery; RCA, right
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course, and (2) atherosclerotic development as described in the
current case. Optimal strategy to relieve the myocardial ischemia
would vary according to the underlying pathologic mechanisms.
In vivo coronary imaging tools such as IVUS could provide
information about pathophysiology of atherosclerotic develop-
ment in anomalous LCX, and could help in making a decision
regarding the management strategy.
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